have proposed a lipoprotein cholesterol technic in which small amounts of serum are separated in duplicate by filter paper electrophoresis.
One strip of each pair stained with Sudan Black B is used to locate alpha-and beta-lipoprotein bands on the undyed strip. Cholesterol is isolated from these areas on the filter paper by refluxing with chloroform-methanol (2:1) for several hours. Nury and Smith (7) utilized a shortened staining period and achieved satisfactory cholesterol recoveries by boiling filter paper segments for 10 mm. in the same solvent mixture.
Recently Crawford (8) has reported a more detailed procedure for the staining and elution of lipoprotein cholesterol. While these methods employed the ferric chloride technic for the quantification of cholesterol (9), Anderson and Keys (10) made use of the Liebermann-Burchard reaction. These workers isolated cholesterol from strip segments by repeated extraction with petroleum ether. After solvent evaporation the total choles-terol in the residues was measured using an adaptation of the method of Abell et at. (11) .
Despite their semiquantitative nature (2, 3), dye-uptake methods for serum lipoprotein analysis have remained popular. This is due in part to the technical simplicity of these procedures;
proposed methods for estimating lipoprotein cholesterol have been somewhat more complex. This report describes a technic for lipoprotein quantification in which electrophoretic strips to be used as markers are stained in less than 30 sec. Cholesterol is eluted from the alpha-and betalipoprotein areas of undyed strips directly into a FeSO4-acetic acid reagent for colorimetric measurement.
MATERIALS AND METHODS

ELECTROPHORESIS OF SERUM
The electrophoretic separations were carried out on an inverted-V form Durrum-type cell attached to a Duo-stat power supply.* The cell compartments were filled with Veronal buffer of pH 8.6 and ionic strength 0.075. Eight ifiter paper strips (Spinco No. 300-846) were saturated with buffer and allowed to equilibrate for at least 15 min. with the water-vapor atmosphere of the chamber. Two adjacent strips were streaked with 0.05 ml. of each serum specimen. The current was adjusted so that 2.5 ma. flowed through the cell containing the eight strips for a 16-hr. period. The strips were then removed from the cell and allowed to dry in air.
STAINING OF SERUM LIPOPROTEINS
Strips to be employed as markers were sprayed lightly with a 5% solution of reagent-grade phosphomolybdic acid (P205. 24MoO3. xH2O) dissolved in absolute ethanol. Color was developed by drying the strips in an oven for 15-30 sec. at 130-140#{176}. Exposure to heat resulted in the formation of a brilliant blue-green color in the alphaand beta-lipoprotein areas.
CHOLESTEROL ELUTION FROM ELECTROPHORETIC STRIPS
Reference electropherograms were used to locate the alpha and beta areas on undyed strips (Fig. 1) 
QUANTIFICATION OF CHOLESTEROL IN LIPOPROTEIN EXTRACTS
Cholesterol determinations were made employing a colorimetric technic described by Searcy and Bergquist (12) . A 6.0-ml. aliquot of the acetic acid eluate was transferred to a Coleman tube (19 X 105 mm.) and mixed with 2.0 ml. of concentrated sulfuric acid. A stirring rod was used to obtain a uniform mixture.
Color development was allowed to proceed for at least 10 min. before the optical densities were measured in a Coleman spectrophotometer at 490 mj.t. All readings were made against a reagent blank prepared by eluting untreated filter-paper segments of representative size. These blanks showed absorbancies of little more than 0.01 units. Readings of the test solutions were converted into milligrams per cent cholesterol by using a standard curve.
CHOLESTEROL STANDARDIZATION TECHNIC
A solution was prepared containing 20 mg. % of purified cholesterol in ferrous sulfate reagent. Color was developed after bringing aliquots of 0.3, 0.6, and 0.9 ml. of the cholesterol standard to a volume of 6.0 ml. with the ferrous sulfate reagent.
Since only 6.0 ml. of the total extract is used for color development in the test, the standard solutions are equivalent to 140, 280, and 420 mg. %, respectively.
RESULTS AND DISCUSSION
IDENTIFICATION OF LIPOPROTEIN AREAS ON ELECTROPHORETIC STRIPS
Elaborate staining technics appear unnecessary for merely locating lipoprotein areas on ifiter-paper strips. Application of a 5% solution of phosphomolybdic acid dissolved in absolute ethanol followed by heating imparts a bright blue-green color to lipoproteins on filter paper. Color development occurs in less than 30 sec. at 130-140#{176}. The lipoprotein bands are so well defined that it is possible to locate accurately alpha and beta areas on duplicate unstained strips. The phosphomolybdic acid color reaction has also been used by Quaife and co-workers (13) to stain chromatographically separated free and esterified cholesterol. However, this chromogenic response may not be limited solely to cholesterol fractions. These workers demonstrated that color was likewise produced by chromatographically immobile lipid-soluble material isolated from serum.
The color of lipoproteins on strips treated with the phosphomolybdic acid reagent appears to be stable indefinitely.
After exposure to air and light in the laboratory for several months, no signs of color deterioration were exhibited. On the other hand, reference electropherograms dyed with Sudan Black B fade so appreciably under ordinary conditions that some workers (14) recommend that a plastic coating be used as a preservative.
ELUTION OF LIPOPROTEIN CHOLESTEROL FROM ELECTROPHORETIC STRIPS
The efficiency of the ferrous sulfate color reagent in extracting cholesterol from filter paper was compared with chloroform-methanol (2:1) (6-8).
Filter-paper segments containing alpha-and betalipoproteins isolated from a pooled serum were placed in 7.0-ml. portions of each solvent mixture.
Aliquots of the eluates were removed at time intervals ranging from 2 to 60 mill. Measurement of cholesterol in alpha-and beta-lipoprotein extracts showed that elution was rapid with both solvents during the first 15 mm. (Fig. 2) . Furthermore, no significant increases in cholesterol were observed when extraction was allowed to proceed overnight.
At the elution times studied, the quantities of cholesterol measured in the ferrous sulfate extracts in most instances exceeded those obtained using chloroform-methanol.
Other workers (6-8) have found it necessary to resort to more rigorous extraction technics when using the latter solvent. To obtain a complete cholesterol recovery at room temperature, Crawford (8) rotated filter-paper segments in chloroform-methanol for 4 hr. Nury and Smith (7) were able to effect a satisfactory steroid extraction by boiling filter paper in the solvent for only 10 mm. However, cholesterol extraction with the ferrous sulfate reagent appeared nearly complete in 15 mm. without heating or prolonged shaking.
MEASUREMENT OF STEROID CHROMOGEN ISOLATED FROM INCREASING AMOUNTS OF SERUM
Serum obtained from a 39-yr.-old male with hypercholesterolemia was applied to filter paper in 20-, 50-, and 7O-l. amounts. After electrophoresis, cholesterol was eluted from the alpha-and beta- trophoretic fractionation was as complete using 20 pl. of serum as with a 70-1. application.
At the three serum concentrations studied, the ratio of alpha-to beta-lipoprotein cholesterol was approximately 1:6. These data indicate that the elution of alpha-and beta-lip oprotein cholesterol is equally efficient with increasing amounts of serum. Therefore, 20-70 l. of serum may be analyzed by the proposed method. Lipoprotein cholesterol measurements made by Langan and associates (6) obeyed Beer's law when 10-40 of serum were used.
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RECOVERY OF SERUM TOTAL CHOLESTEROL IN ALPHA. AND BETA.LIPOPROTEIN FRACTIONS
Serum total cholesterol was determined on a series of 15 normal individuals using a method described by Searcy and Bergquist (12) . The distribution of cholesterol in the alpha-and beta-lipoproteins was also measured employing the proposed technic. Table 1 demonstrates that the sum of alpha-and beta-lipoprotein cholesterol ranged from 209 to 372 mg./100 ml. (average 266 mg./100 ml.), while the serum total cholesterol varied from 202 to 368 mg./100 ml. (average 263 mg./100 ml.). The largest difference between the two methods of 1  60  198  258  244  14  2  62  220  282  274  8  3  46  192  238  245  7  4  52  320  372  368  4  5  67  142  209  202  7  6  93  173  266  259  7  7  87  159  246  248  2  8  79  151  230  228  2  9  69  209  278  283  5  10  50  241  291  281  10  11  47  220  267  275  8  12  79  137  216  199  17  13  58  236  294  305  11  14  77  153  230  237  7   15  66  247  313  294  19 * Milligrams per 100 ml.
measuring serum total cholesterol amounted to 19 mg./100 ml. These data therefore demonstrate that with the methods employed quantification of total cholesterol in serum can be adequately accounted for in the alpha-and beta-lipoprotein fractions.
REPRODUCIBILITt' OF THE PROPOSED METHOD
Alpha-and beta-lipoprotein measurements were carried out on three separate occasions using the same serum specimens obtained from 6 normal individuals ( Table 2 ). The widest range of variation in aipha-lipoprotein cholesterol estimations amounted to 12 mg./ 100 ml. Values of 238, 242, and 256 mg./100 ml. for beta-lipoprotein cho. lesterol were obtained at three different times on the same serum sample. Therefore, on this specimen the total lipoprotein cholesterol measurements varied from 312 to 342 mg./100 ml. However, the precision appeared satisfactory enough to warrant the use of the proposed method for routine c1iii,ical or research purposes.
COMPARISON OF TWO METHODS FOR MEASURING LIPOPROTEIN CHOLESTEROL
The procedure under study and that suggested by Nury and Smith (7) were used to estimate the cholesterol associated with alpha-and beta-lipoproteins in 10 sera. These specimens had a wide distribution of total lipoprotein cholesterol ( 
RECOVERY OF STEROID CHROMOGEN FROM STORED ELECTROPHORETIC STRIPS
A number of electrophoretic fractionations were carried out on a pooled serum. The filter-paper strips were stored in light at room temperature for various times prior to elution and quantification of cholesterol (Table 4) . During a 10-day period no significant differences in steroid chromogen could be demonstrated in the alpha-or beta-lipoprotein fractions.
On the other hand, Langan and associates (6) reported a 55 per cent loss in the cholesterol content of electrophoretic strips kept at room temperature for 4 days. These workers attributed the decrease in steroid to oxidation, since strips held under nitrogen for the same time showed only a 16 per cent loss in cholesterol.
Furthermore, Langan 's group was able to demonstrate a difference in the steroid values depending upon the technic employed for the colorimetric measurement of cholesterol. Strips stored Although fewer females in this age group were studied, the values obtained for beta-lipoprotein cholesterol averaged 34 mg./100 ml. higher than in the younger women. There were no well-defined alterations in the average amounts of aipha-lipoprotein cholesterol isolated from this blood donor group. Hence, the increase in serum total cholesterol with age in both sexes may best be ascribed to elevations in the beta-lipoprotein cholesterol. The percentage of total cholesterol associated with the lipoprotein fractions appeared to be relatively constant despite sex or age differences.
The cholesterol found in the alpha fraction ranged from 25 to 32 per cent of the total, whereas beta-lipoproteins accounted for the remaining 68 to 75 per cent. Orvis and co-workers (15), using Langan's technic on 114 normal subjects, attributed some significance to the percentage of the total serum cholesterol bound to beta-lipopro. teins. These workers reported the upper limits of normal for males to be some 83 per cent of the total serum cholesterol whereas normal values for females did not exceed 80 per cent.
SUMMARY
A phosphomolybdic acid reagent was used to identify serum alphaand beta-lipoproteins separated electrophoretically on filter paper. ,-i --E * Cholesterol associated with these areas on unstained strips was eluted directly into a ferrous sulfate-acetic acid mixture for colonmetric analysis. The results obtained with the proposed method compared favorably with those of Nury and Smith (7) . The sums of the values obtained for the alpha-and beta-lipoprotein cholesterols agreed well with measurements of serum total cholesterol by another method (12) . Sex and age differences in the concentration of alpha-and beta-lipoprotein cholesterol were suggested by results obtained on 200 randomly selected blood donors.
